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[57] ABSTRACT 


Improved flexible disk storage media comprising a pack 
of flexible recording disks adapted for compact stacking 
in superposed registration. Each disk is hole-encoded to 
permit associated disk partitioning apparatus to provide 
automatic selective partitioning of the pack for select- 
ing a desired disk for the performance of a recording 
and/or reproducing operation with respect to a surface 
thereof. Each multiple disk pack is removably con- 
tained in a protective jacket during partitioning and 
transducing operations. The jacket cooperates with 
automatic jacket-opening means so as to provide for 
convenient insertion and withdrawal of a disk pack 
while permitting selective partitioning of the pack while 
contained in the jacket for the performance of a trans- 
ducing operation on a selected disk in the pack. 


6 Claims, 19 Drawing Figures 
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1 
PARTITIONABLE PORTABLE FLEXIBLE DISK 
PACK 


CROSS REFERENCE TO RELATED 5 
APPLICATIONS 


The following commonly assigned, concurrently 
filed patent applications are related to the subject matter 
of this application: Ser. No.: 711,579 Filed: Aug. 4, 
1976; Ser. No.: 711,628 Filed: Aug. 4, 1976; Ser. No.: 10 
720,905 Filed: Sept. 7, 1976; Ser. No.: 720,910 Filed: 
Sept. 7, 1976. 


BACKGROUND AND FEATURES OF THE 
INVENTION 


This invention relates to data recording and in partic- 
ular to a novel improved multi-disk arrangement for 
data recording. 

Workers in the art of generating and/or utilizing 
magnetic recording media are aware of the various 20 
forms it takes; in the case of digital recording these 
forms have historically comprised drums, disks and tape 
in various configurations. Each. medium has its own 
advantages and shortcomings depending upon the ap- 
plication. For instance, magnetic drum records facilitate 
relatively good data compression (high data density) 
and fast access time; however, they are relatively ex- 
pensive to provide and are not generally suitable for 
“archival” storage of data. Magnetic tape, on the other 
hand, is comparatively inexpensive and is highly suit- 3 
able for “archival” storage; however, it must be ac- 
cessed serially (not randomly) and relatively slowly. 

Magnetic disk storage is intermediate in access speed, 
facilitates random access and, in many cases, is particu- 
larly well suited for storage of “open-ended” data field 3 
(i.e., of indeterminate length). Disks — especially “flexi- 
ble disks” — can serve as a “unit record” medium that 
is compact, light, and is readily transported, stored, and 
handled, interchangeably with other like disks. Accord- 
ingly, magnetic disk media are now finding widespread 40 
favor, especially in the data processing arts and are 
currently manufactured and used in great volume and in 
several forms. With todays high-volume disk usage, any 
reduction in disk cost looms highly significant, as work- 
ers in the art know. This invention facilitates high- 
volume/low-cost disk usage, teaching a novel multi- 
disk organization, allowing a pack of disks to be han- 
died as a single record unit. 

Recently a step toward cost reduction appeared in 
the form of the flexible, or “floppy”, magnetic disk. 50 
Floppy disks can be fashioned from the same polyester 
sheet material as magnetic tape (e.g., the familiar poly- 
ethylene terephthalate), with a magnetic coating 
thereon — this plastic being simply cut into the shape of 
a circular disk with a central mounting hole to accom- 
modate the familiar drive-spindle. Such a “prior art” 
floppy disk is well known to workers and is shown in 
FIG. 1; a conventional envelope, or jacket, therefor is 
illustrated in FIG. 2. 

The present invention is directed toward improving 60 
the design of such flexible magnetic disks as adapted for 
collection into a (“floppy”) pack, —- something new in 
the art — with any disk surface thereof being adapted 
for selection, and the pack accordingly “partitioned” or 
split, by automatic means. That is, with such a “floppy 
disk pack”, the invention is particularly adapted to facil- 
itate automatic partitioning of the pack to expose any 
selected disk surface for Read/Write operations — 
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2 
using surprisingly simple means and methods as de- 
scribed hereinafter. 

Workers will recognize that there are many advanta- 
geous uses for such “floppy disk packs”, for instance, 
they offer enhanced volumetric effeciency of data stor- 
age — that is, a maximal number of data bits may be 
stored in a given volume with a floppy disk pack, the 
disks being so thin (e.g., on the order of a few mils 
thickness) and so compliant as to pack closely together. 
—prior efforts with flexible disks: 

Workers have suggested that in certain instances, 
disks may be assembled into a flexible multi-disk file, 
with one or both sides treated to record data bits in the 
form of magnetic signals as is well known in the art. 
One problem, however, has been the preconception that 
one must house such flexible disk packs in a rigid con- 
tainment structure. Also no simple, practical way has 
yet been found to access an individual selected record- 
ing surface in a precise, rapid and repeatable manner — 
principally because these “floppy” substrates are so 
difficult to stabilize mechanically. Now, workers well 
know that it is no easy task to precisely position a 
Read/Write head between two tissue-thin floppy disks 
separated by only a few mils, and to do so quickly and 
simply. And, with such a floppy disk file, dimensional 
instabilities and variations (e.g., varying thermal effects, 
manufacturing tolerances) are to be expected, as work- 
ers know. Then, even if one is able to hold each disk in 
a pack at a constant reference position relative to the 
other disks, transducer access and positioning is still 
problematical. 

Accordingly, workers have resorted to special 
means, heretofore, for packaging and accessing floppy 
disk recording surfaces. For instance, “floppy” disks 
were thought to require support, while rotated (for 
recording) also, it was assumed they would suffer undue 
surface wear from frictional effects when stacked con- 
tiguously. Accordingly, workers have avoided stacking 
them directly in contact, i.e., “one-upon-another”. Also, 
getting head-access to superposed floppy disks has 
seemed an impossible task. This invention is adapted to 


facilitate such contiguous stacking without compromis- 


ing either disk integrity or access convenience. —prior 
art “floppy-disk” handling: 

One approach, shown in U.S. Pat. Nos. 3,509,533 to 
Krijnan and 3,618,055 to Van Acker, involved an en- 
closed pneumatically pressurized chamber, with the 
flexible disks being stacked in spaced relation on a com- 
mon spindle. These disks were perforated with holes to 
facilitate “pumping” of air through the stack and the 
associated spindle was “slotted” and adapted to control 
air flow from the center, radially outward, and thereby 
facilitate disk manipulation. 

With recording density being an inverse function of 
head/disk spacing, many arrangements have been sug- 
gested to facilitate the close “following” of the disk 
surface by a transducer head. In an early approach (see 
U.S. Pat. No. 2,950,353 to Fomenko), the air flow was 
manipulated to facilitate transducer/disk engagement at 
high speed for high density magnetic recording. Similar 
arrangements with pliant flexible disks are disclosed in 
U.S. Pat. Nos. 3,153,241; 3,225,338; 3,369,227 and 
3,573,771 also certain flexible disk designs are indicated 
in USS. Pat. Nos. 3,678,481 and 3,668,658; while various 
forms of a flexible disk file are indicated in U.S. Pat. 
Nos. 3,867,723; 3,810,243; 3,852,820 and 3,838,462. 

Workers are also familiar with various means for 
accessing multi-disk files by means for displacing the 
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(otherwise-inaccessible) facing recording surfaces while 
the disk stack is rotating, to provide clearance for entry 
and manipulation of a transducer assembly. For in- 
stance, a “sliding-transfer” arrangement is disclosed in 
U.S. Pat. No. 3,130,393 to Gutterman (who employs 
pressurized air to “slide” the disks apart) and in U.S. 
Pat. No. 2,960,340 to Seidel (phonograph records slid 
relative to one another by probe means). But, as work- 
ers realize a floppy disk file responds poorly to the 
“forced-piston” motion contemplated by the Gutter- 
man arrangement. —problems addressed: 

- Thus,.certain problems come to mind when one con- 
templates manipulating a floppy disk file. For instance, 
they have not proven as reliable or durable as desired; 
~ the thin pliable disk can be somewhat fragile, especially 
when subjected to extreme physical hazards, such as 
sliding contact or impact with a sharp-edge like a “sepa- 
rator knife” or a transducer access arm. While the cost 
of the disk is relatively inconsequential, the data stored 
thereon is often invaluable and could be defaced by 
such contact. The present invention is designed to alle- 
viate or eliminate the risk of such destructive contact, 
and particularly to teach the partitioning of a disk pack 
without employing “penetrator knives” as heretofore 
proposed. 

Also, with the increased popularity and use of floppy 
disk media, it has become especially important to em- 
phasize disk pack features like ready “removability” 
and record “interchangeability”, as well as increased bit 
density and cost effectiveness (e.g., increasing data den- 
sity per cm? and data capacity per disk spindle, increase 
in data rate, reduction in access motion and rotational 
delay, improved data reliability and lower cost per 
M-byte). Indeed the desire for unit record removability 
has led to much of the increased use of (single) flexible 
disks — e.g., cartridges with a disk packaged in a jacket 
like that indicated in FIG. 2. Now, such “removable 
media” can offer many advantages to the user — for 
instance, the ability to exchange data-set libraries be- 
tween applications, the availability of data-set backup 
and security, and the interchange of data records among 
alternate drives and systems. The lightweight, compact- 
ness of floppy disks even allow these records to be 
conveniently mailed between stations, using ordinary 
postal service. This invention enhances these advan- 
tages while also vastly increasing the data capacity of a 
disk cartridge. 

Data removability, is, however, not without its price 
— e.g., the cost of disk-loading hardware, of disk pack- 
aging (cartridge) means for protection against contami- 
nation and for security and the cost of of the head-car- 
riage retraction mechanism and control electronics in- 
volved, and especially of the means for aligning Read/- 
Write heads with a selected disk track. Such “trade-off” 
considerations can deter use of removable disk records 
~~ but with the invention this is not likely to be so. That 
is, the present invention is directed toward providing 
improved multi-disk records, and disk packs, adapted to 
meet the foregoing problems and objectives in a manner 
satisfying minimum-cost objectives. The invention 
maintains the convenience of the removable floppy 
disk, while packaging a number thereof in a relatively 
convenient unit record file. 

The foregoing and other features, objects and advan- 
tages according to the present invention will be more 
fully appreciated and become more apparent upon con- 
sideration of the following description of preferred 
embodiments, taken in conjunction with the attached 
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drawings, wherein like reference indicia denote like 
elements. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIGS. 1 and 2 are schematic plan views of a prior art 
flexible disk and an associated prior art jacket, respec- 
tively; 

FIG. 3 is a diagrammatic plan view of a flexible disk 
modified with a hole-encoding pattern according to the 
invention, while 

FIGS. 3A, 3B, 3C and 3D are like views of alternate 
arrays of holes (apertures); 

FIG. 4 is a schematic diagram of a flexible disk pack 
embodiment according to the invention, with exem- 
plary disks therein shown exploded-away for illustra- 
tive purposes; 

FIG. 5 is a schematic side perspective of the disk pack 
embodiment of FIG. 4 inter-acting with associated 
pack-partitioning means; while 

FIG. 6 indicates a side view of such an arrangement 
in operative relation combination with a turntable and 
an associated transducer carriage assembly; and 

FIG. 5A shows a similar, schematic, view of a like 
disk pack embodiment, including separator disks as 
well, with several elements exploded-away for illustra- 
tion purposes; 

FIG. 7 is a plan view of an improved protective 
jacket, especially adapted for disk packs like those in 
FIGS. 4 and 5, while 

FIG. 8 shows this jacket in inverted perspective view 
and disposed in illustrative operative relation with sche- 
matically indicated opening means and partitioning 
means; 

FIG. 9 is a front perspective view of a “disk drive” 
adapted for handling disk pack media like the embodi- 
ment of FIGS. 4 and 5, as housed in a protective jacket 
like that in FIGS. 7 and 8, while 

FIG. 10 is an enlarged close-up view of working 
elements of this drive, with certain superstructure brok- 
en-away for clarity of illustration; 

FIG. 11 is a schematic side view of a pack partition- 
ing arrangement adapted for use with disk packs like 
those in FIGS. 4, 5 and particularly adapted for inclu- 
sion in a flexible disk drive like that of FIGS. 9 and 10; 
while 

FIG. 12 is a similar view of an automatic jacket open- 
ing means likewise adapted for such a disk pack and 
suited for incorporation in such a drive; and 

FIG. 14 is a schematic perspective view of a pair of 
mating disk-forming dies adapted to form hole-encoded 
disks of the type indicated in FIG. 3, these dies being 
shown in schematic operative relation in the side view 
of FIG. 13. 


DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 


—Flexible disks, in general 


FIG. 3 schematically illustrates a preferred embodi- 
ment 1 of a flexible (pliant or “floppy” type) disk record 
adapted, according to the invention, to be stacked with 
other like record disks, into a pack as indicated at. disk 
file or stack S in FIGS. 4 and 5. These disks are, as a 
group and according to the invention, encoded and 
arranged to be manipulated as a group for the selectable 
partitioning, or splitting, of the stack adjacent any se- 
lected disk surface. This is basically accomplished in 
accordance with the invention by providing the stacked 
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disks with an encoded arrangement of apertures such 
that a plurality of unique unobstructed paths are pro- 
vided from at least one end of the stack respectively 
terminating at the surfaces of successive disks. A thrust- 
ing force applied along a selected one of these unob- 5 
structed paths will then cause the stack to be flexed 
open between a corresponding pair of adjacent disks in 
the stack. In the preferred embodiments considered 
herein, this is controlled according to the circumferen- 
tial position assumed by the pack relative to an associ- 
ated disk engaging means as described hereinafter. 

It is instructive to first consider the design and con- 
struction of a relatively conventional floppy disk design 
1’ as indicated in the prior art FIG. 1. Thus, prior art 
disk 1' may be understood as a well known “industry- 
compatible” type of flexible disk particularly adapted 
for employment as a unit magnetic data record. Such a 
disk record will be recognized as comprising a circular 
flexible substrate of polyethylene terephthalate or the 
like having a magnetic coating on at least one side to 
thus define a magnetic recording surface. Such disks 1’ 
are adapted for protective containment and operation 
within an envelope, or jacket 3' as indicated by prior art 
jacket 3’ in FIG. 2 within which such a floppy disk may 
be stored, as well as rotated for magnetic data-transcrip- 25 
tion when inserted into appropriate apparatus. 

Thus, disk 1’ has a central aperture 1’-h for engaging 
a conventional rotary-drive spindle (while contained 
within jacket 3’), there being a prescribed recording 
track zone 1'-T defined between respective inner and 30 
outer track margins 1’-IT, 1'-OT; also, an “index hole” 
1'-Ih is disposed (within 1'-IT) along a prescribed “ref- 
erence radius” AS and adapted to establish a “Start 
Radius” for the circumferential data tracks as known in 
the art. Within inner non-recording margin 1'-IT is an 
inner “contact annulus” defining the locus of engage- 
ment with spindle-contact means as known in the art. 


20 


—Locator-hole array: 


According to a first feature of novelty, a file of novel 40 
flexible disks D-1, D-2, D-3, etc., generally like disk 1, 
are manufactured as a group and adapted to include a 
prescribed array of separating apertures, or locator 
holes, L-H, as schematically indicated, for example, by 
locator holes L-1, L-2, L-3, etc., in FIGS. 3 and 4. This 45 
aperture array will be seen as establishing a certain 
mode whereby the stacked disks may be partitioned 
according to a unique, simple control involving merely 
rotating the stack to different (rotational) angular posi- 
tions, each position corresponding to exposure of a 
respective one of the disks. Each disk in a file, or stack, 
S will be understood as having a unique identifiable 
number of such locator holes L-H so that when the 
disks are superposed with their index holes 1-Ih and 
their circumferential edges in registry, they will be seen 
to represent a hole-encoded array. That is, when 
viewed from one side, the stack will present an array of 
locator holes L-H in registry at different circumferen- 
tial angular locations about the disk periphery that ter- 
minate at successive disks. Thus, each locator hole cor- 
responds to a prescribed select-plunger site adapted to 
facilitate the splitting, (i.e., partial-partitioning), of the 
stack to expose the recording surface of a correspond- 
ing selected disk. 

Accordingly, locator holes L-1 pass through all disks 
and correspond to the “selection” (exposure of upper 
suface) of the top disk D-1, holes L-2 correspond to 
exposure of D-2, terminating at disk D-1 so that inser- 
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tion of a plunger therethrough splits pack S to expose 
the upper recording surface of disk D-2 — or the lower 
surface of D-1; while holes L-3 expose D-3; holes L-11 
expose disk D-11, and so on. This hole pattern is unique 
for each disk, the holes adding cumulatively in one 
direction along the pack axis. 

Preferably, locator holes L-H are arranged along a 
circumferential track or locator locus L-T and spaced a 
prescribed constant radial distance from the disk center 
and separated by a prescribed constant circumferential 
distance, or angular separation (that is, angular displace- 
ment ¢.. is the same as d,.3, etc. in FIG. 3). These 
encoded locator holes are thus each centered on a pre- 
scribed associated radial axis, e.g., axis A,-1 for hole 
L-1, Ay-2 for hole L-2, etc., the holes being of pre- 
scribed identical size and configuration — on configura- 
tion being elliptical holes (or notches, as discussed be- 
low). Thus, as better illustrated in associated FIG. 4, for 
instance, when eleven (11) such flexible disks 1 are 
superposed in registry, a stack S results, including disks 
D-1, D-2 through D-11 disposed for co-rotation by a 
common spindle (not shown here, but well known, and 
schematically indicated by FIG. 6 and described be- 
low). The pattern of locator holes will be such as to 
provide the mentioned hole-encoding and enable a pre- 
scribed mode of partition. 

Thus, for instance, the topmost disk D-1 in the stack 
is arranged to have a single hole L-1, while the second 
disk D-2 is arranged to have one additional locator hole 
L-2 (besides L-1) disposed along an initial axis Ay-2; the 
third disk D-3 in the stack in turn arranged to have 
identical locator holes L-1, L-2 (as disk D-2) together 
with one added locator hole L-3 (distinguishing it from 
D-2, D-1 and all other disks in stack S) aligned along 
axis Ay3 and along circumferential axis L-T, A,-3 
being angularly displaced from Ay2 by a prescribed 
constant angle. The fourth disk D-4 (not shown) is 
accordingly likewise cumulatively encoded with loca- 
tor holes L-1, L-2 and L-3 in registry with these holes 
on D-3, together with an added hole L-4 along axis 
Ay-4 uniquely identifying this disk and spaced along 
track L-T and angularly displaced from axis Ay-3 by the 
same prescribed amount $,. = 2.3 (for example 18°). 
Eleventh disk D-11 is similarly encoded according to 
the same pattern, its locator holes L-1 through L-10 
being a duplicate of these of adjacent disk D-10 with 
hole L-11 being added as indicated, (and likewise for 
other disks in the pack.) Such a select-hole-encoding 
will generate a coordinated stack of flexible disks which 
is arranged so that insertion of a separating plunger at a 
prescribed angular orientation (e.g., along track L-T, at 
a selected angular increment from the “Start Radius” 
AS) can deflect an appropriate sub-group of disks aside 
to create the desired stack partition for transducer ac- 
cess and engagement with the selected, corresponding 
disk surface, as illustrated in FIGS. 5 and 6. 

This operation will be better understood by consider- 
ation of FIGS. 5 and 6 where stack S is shown engaged 
upon a turntable TT with the disk hubs suitably en- 
gaged (e.g., pressed thereon by spindle clamp SC) 
against rotatable spindle hub S-H as known in the art. A 
plunger, or disk-select means P will be disposed nearby, 
being located generally along the “cylindrical locus” 
including locator track L-T such as to be selectively 
insertable up through track L-T a prescribed excursion 
— and thereby split pack S for “transducer access” by 
transducer assembly 117 (FIG. 6). Assembly 117 com- 
prises a carriage including arm 11 carrying transducer 


4,086,640 


7 

head 15 and threadedly engaged at barre! 118, for lat- 
eral translation (into pack S as is well known — see 
arrow) by rotation of lead screw 112. Motor 111 is 
coupled to rotate screw 112 and controlled in a known 
manner to effect this pack-insertion at prescribed times. 
Thus, transducer 15 is generally thrust toward, or away, 
from pack S as indicated and known in the art so that 
any given (upper) disk surface may be accessed and 
operated upon. 

Thus, in the illustrated arrangement of FIGS. 5 and 6, 
the upper surface of disk D-3 will be understood as 
“selected” for access by transducer 15 with overlying 
disks D-1 and D-2 being thrust upwards and away by 
plunger P as shown. Accordingly, (and understanding 
the hole-encoding to be as indicated in FIGS. 3 and 4 
above) for selection of D-3, pack S will be angularly 
rotated with respect to the “thrust-path” T, of plunger 
P to bring P into registry with selected locator hole L-3. 
Now, when plunger P is actuated to be thrust upward, 
it will pass through holes L-3 which are provided in all 
disks D in the stack S except for disks D-2 and D-1 
(which have no L-3 holes) — and this will thrust D-2 
and D-1 upwards (as indicated in FIGS. 5 and 6) to a 
prescribed partially-partitioned condition. This will 
allow entry of access arm 11, and particularly of shroud 
13 on the distal end thereof. As further discussed below, 
plunger P is later retracted with shroud 13 then provid- 
ing supporting engagement with (the lower surface of) 
disk D-2 during stack rotation. In this way, disks D-1, 
D-2 may be held deflected-away while pack S is rotated 
and head 15 is engaged on D-3 for a transducing opera- 
tion. 

According to a further feature, shroud 13 is arranged 
to smoothly engage such a deflected disk — bending all 
deflected disks over head 15 as the pack is rotated 
(within its jacket); also allowing the assembly 117 to be 
thrust a greater or lesser extent into the stack for trans- 
lating transducer 15 between various recording tracks 
on a selected disk. 

Similarly, if disk D-2 is next “selected” for transducer 
operations, transducer mount 117 will be withdrawn, 
and the rotation of stack S interrupted, with the stack 
being oriented (as discussed below) to align locator hole 
L-2 (associated with selection of D-2) above plunger P 
so that upward thrust of the plunger the same pre- 
scribed distance as before will pass it through the regis- 
tering locator holes L-2 in all disks except uppermost 
disk D-1 — which has no L-2 hole and accordingly will 
be thrust into the approximate location of disk D-2 in 
FIG. 6. This will then aliow the re-introduction of the 
access arm 11, i.e., of shround 13 which will then be 
engaged with the under-side of D-1, so that, with the 
subsequent retraction of plunger P, stack S may again 
be rotated to initiate transducer operations upon this 
selected recording surface (upper face of disk D-2). 
FIG. 5 indicates, in schematic perspective view, the 
same upward thrusting of disks D-1 and D-2 and split- 
ting of stack S as indicated in the side sectional view of 
FIG. 6, with the disks flexing and bending along a pre- 
scribed portion thereof (FL) under the upward thrust of 
the plunger. 


—Partition method: 


It will be evident that such a partitioning mode in- 
volves the simple rotation of the pack relative to the 
plunger, i.e., to an angular orientation which registers a 
corresponding pack select-site therewith. Workers will 
perceive various ways of effecting this. Preferably in 
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this embodiment, for each partition cycle (i.e., associ- 
ated with exposure of each disk), the pack is brought to 
the reference orientation [i.e., rotating to align “Start 
Radius” with the plunger path] and then advanced by 
the number of successive select-sites required to register 
the proper site (i.c., corresponding to the particular disk 
“selected”) with the plunger path — preferably doing 
so digitally. 

Table I below summarizes preferred exemplary di- 
mensions and characteristics of this floppy disk embodi- 
ment and associated disk pack mentioned above: 


TABLE I (FIGS. 1-6) 


3 mil (nominal) polyethylene terephthalate 
with burnished magnetic oxide coating 
(randomly oriented Fe,O,) on both sides. 
Max. coeff. of expansion: 

Thermal: 9 X 10~°in./in./° F 
Hygroscopic: 11 X 10~°in./in./%RH; 
7.88"; recording between 4.06” (track no. 
“7b”) and 

7.23” (track no. “00”) radii; 

index aperture (1-Ih): 0.100 in diam.; 

at 1.7-2 inches radially out from disk 
center. 

“IBM compatible” format {see AN std. 
document no. 388/75-23 for a flexible 
cartridge apt for operation at 50-125° F 
temperature and 8-80% relative humidity]. 


Disk material: 


Disk diameter: 


Locator holes 
(L-H): spaced on 18° centers, along L-H locus at 
7.5-7.6" diameter and about 0.156” in 
diameter (for 93 mil plunger rod), with 
hole spread of about 3.6° . 


—Recording characteristics: 


With a conventional (ferrite-core) magnetic Read/- 
Write head lightly loaded against the recording zone of 
a selected subject disk, mounted atop an opposing 
contact pad, provided conventionally (e.g., as on the 
Burroughs No. 2027-1441 Flexible Disk Drive, for ex- 
ample), the recording and other characteristics will be 
generally as known in the art except where otherwise 
stated. 

The described flexible disks may be expected to ex- 
hibit very satisfactory resistance to wear and abrasion as 
understood in the art (e.g., after about one-million wear 
revolutions on any one track signal amplitude of an “all 
double-frequency recording” should have no bits exhib- 
iting less than about 75% of the initially recorded signal 
amplitude). The subject disks are best adapted for “soft 
sector” formate recording (as opposed to the “hard 
sector”, or perforation-designated format, known in the 
art), the index pulses being generated and sensed with- 
out resort to more than a single index aperture. 

Now, as those skilled in the art will appreciate, im- 
proved flexible recording disks of the type described 
will lend themselves to many forms of data recording 
and especially magnetic recording or optical (e.g. 
video) recording. For instance, with the familiar array 
of concentric magnetic recording tracks, it may be de- 
sired to employ a clocking means such as a separately- 
recorded clock track with its own separate transducer, 
or alternatively a separate clock track disk can be incor-. 
porated into each pack as known in the art. On the other 
hand, known techniques may be used which require no 
separate timing track, for example, inserting a “parity 
bit” at predetermined locations along each data track or 
using a recording mode which is “self-clocking”. 

Various alternate configurations and materials will 
occur to those skilled in the art, such as the use of chro- 
mium oxide or like magnetic coating or the use of ace- 
tate or like flexible substrate material, or the arrange- 
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ment of locator holes in different patterns and/or shapes 
as discussed below. 


— Alternate locator-aperture configurations: 


The locator holes L-H need not be elliptical but may 
instead be circular as indicated in FIG. 3-C, (rather then 
being elongated along the locator axis L-T sufficient to 
accommodate contemplated variations in locator-rod 
positioning relative to the disk stack, as is indicated in 
FIG. 3.) Disk D’ in FIG. 3-C is generally the same as 
the disk 1 in FIG. 3, except that the locator holes L-1, 
L-2, etc. and in FIG. 3 are extended in their elongate 
direction along axis L-T to be roughly twice as long, 
with rounded edges, (preferred: about 0.16 x 0.3 
inches) where they are circular in FIG. 3-C. 

As a further alternative, the locator apertures may 
comprise “notches” rather than “holes” as indicated in 
FIG. 3-D for alternate disk embodiment D”. Disk D” is 
generally the same as disk 1 in FIG. 3 except that the 
locator holes here comprise a pair of rather semi-ellipti- 
cal edge notches L”-1 and L”-2. Workers in the art will 
conceive other like modifications, for instance, where 
the entire periphery of the disk is “cut-out” between all 
locator holes — such as by cutting out the “lands” 
between L”-1 and L”-2 in FIG. 3-D. Alternatively, the 
disk periphery may be cut-back within the hole periph- 
eries except for “sector-lands” extending radially from 
the disk, forming extended circumferential “tabs” 
adapted to engage select-rods — being disposed entirely 
about the disk except where the locator holes would 
have existed (and between such locator sites as well). Of 
course, the size and configuration of a locator aperture 
will generally correspond to that required to accommo- 
date a given partitioning-plunger (shape, diameter) con- 
figuration and consistent with the positioning accuracy 
of the associated “select-partitioning” system. Such a 
“tab-select” arrangement will be better adapted for 
relatively rigid disks. 


—Multiple “partition-plungers”; “paired” locator holes: 


Further, according to a modified feature of the inven- 
tion, indicated functionally in FIG. 3A, a plurality of 
such “partition-plunger means” (rather than a single 
plunger) may be used, together with associated plural 
sets of accommodating locator-holes. Thus, a modified 
embodiment 101 (identical to disk 1 in FIG. 3 except as 
otherwise described) will be seen as including “locator- 
sectors” characterized by a pair of locator holes A and 
B symmetrically flanking each “locator axis” and equi- 
distant therefrom. With such a modified “double-hole” 
locator pattern, disk 101 will thus be understood as 
intended for use with a pair of partitioning plunger rods, 
each similar to that described in connection with FIGS. 
5, 6 and 11, except that two rods (rather than one) are 
used to deflect the pack (—such a pair being more fully 
described below in connection with FIG. 12). 

Thus, for instance, rather than a single select hole 
(e.g., L-1, FIG. 3) being centered in a “first locator 
sector” along the “first selector radius”, A,-1, the 
somodified flexible disk embodiment 101 (FIG. 3A) 
substitutes a pair of such holes (L-1A, L-1B), each dis- 
placed from this axis A,-1, on opposite sides along loca- 
tor track L-T, by the same angle ¢ (i.e., symmetrically 
flanking their associated selector radius). Similarly, the 
. second locator sector and its radius A,y-2 serve to refer- 
ence two “select apertures” (rather than one), namely 
L-2A, L-2B; likewise for the “third” select radius Ay-3 
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10 
about which a pair of associated select apertures L-3A, 
L-3B are symmetrically flanked. 

Thus, for example (and as more fully described be- 
low), when the flexible disk (D-4) next to disk 101 as- 
sumed to be D-3), in an associated stack is to be “se- 
lected” for Read/Write operations, the stack will be 
partitioned by the pair of locator rods — the rods being 
moved into registry with associated locator holes L-4A, 
L-4B (shown in phantom here) flanking the “fourth” 
select radius A,-4. Then, when one rod is thrust upward 
in the “standard” manner, disk 101 (i.e., D-3) along with 
the first and second in the stack (i.e., D-1, D-2) will be 
lifted upwardly to expose the upper recording surface 
of D-4. 


—Up/down selection mode, with opposed plunger 
pairs and “stripping” of selected disk: 


FIG. 3B indicates how a pair of associated select 
plunger means are adapted to be “opposingly parti- 
tioned”, i.e., be driven in opposite directions, so that, to 
the upward partitioning-thrust there is added a second 
contemporaneous downward, partitioning-thrust in 
each partition operation. As workers can see, this added 
down-thrust can “strip” the “selected” disk from the 
upwardly-thrust stack portion — more positively and 
more quickly — and prevent it from being accidentially 
carried-up with it (e.g., adhering via suction or static 
electricity, etc.). Further, such a “paired-sites/alternate 
hole” array of locator holes is provided to accommo- 
date this “opposed partitioning” mode. Modified disk 
embodiment 201 in FIG. 3B illustrates this schemati- 
cally (being identical to embodiment 101 in FIG. 3A, 
except that only one “companion hole” in each pair is 
cut through — to thereby accommodate opposing (up- 
down) plunger action on a sector during “selection”. 
Thus, there are a pair of select-hole “sites” in each 
sector.) The sites pairs flank their associated select- 
radius Ayin equidistant symmetry; however, with only 
one hole in each such pair actually cut through at any 
sector — i.e. with “up-holes” cut where sector-selection 
involves selection of the given disk or a superposed one, 
and with “down-holes” through all other sectors. This 
hole-pattern will be seen as accommodating the “op- 
posed-partitioning” mode described. 

Thus, for instance, disk 201 may be viewed as consti- 
tuting the fourth disk (from the top) in a stack (much in 
the manner of embodiment 101 in FIG. 3A), with each 
of its select radii Ay flanked symmetrically by a pair of 
such (up/down) “select sites”, (e.g., an upward-select 
site at L-1U with a hole cut there;, and a downward- 
select “site” L-1D, with no “hole” cut there — both 
these holes-sites being found in the “first sector”, sym- 
metrically flanking the “first” select axis A,-1). 

This “paired site/single hole” pattern of locator-holes 
will be understood as functioning to provide each disk 
in a given stack with one, and only one, select hole cut 
in each and every one of its “select sectors”. Thus, for 
any given disk in a given stack, there will be one such 
locator hole (but only one) cut in each sector — with 
“up” holes cut in the disks own “select sector” (e.g., 
sector “four” at A,-4 for disk D-4) implying up-deflec- 
tion of superposed disks; and in all the “lower-order” 
sectors (corresponding to the number of disks “below” 
the given disk, e.g., D-5 through D-20 “below” selected 
disk D-4); whereas, conversely, “down” holes are cut in 
all other disks (“higher order”) at this sector. For exam- 
ple, for disk 201, or D-4, in a 20-disk pack, “up-holes” 
L-1U, L-2U, L-3U and L-4U are cut only for the first 
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four sectors, with “down” holes cut for all other, “high- 
er-order”, sectors (i.e., L-5D, L-6D through L-20D). 
Similarly, the “topmost” disk (D-1) has a “up-hole” cut 
only at its first sector (adjacent axis Ay-1) with all other 
holes being “down-holes”’. 

Hence, in the selection of the “first” (i.e., top) disk 
D-1 in a stack, associated with disk 201, the upward 
thrusting select-plunger will be understood to pass 
through all disks (through “up holes” L-1U in the first 
sector of all disks including D-1), while the downward- 
thrusting plunger will pass through “no disks”, but 
merely thrust D-1 downwardly to “pin” it. Or, for the 
selection of the next (i.e., second) disk, D-2, in this 
stack, the “up plunger” will be registered at L-2U and 
will pass through all disks except D-1 (through all “up” 
holes in the second sector of D-2 to D-n), and so deflect 
D-1 to expose D-2, while the “down plunger” will 
register at site L-2D and will pass only through disk D-1 
to “strip away” D-2, pushing it downward. Or, in the 
selection of the third disk, D-3, the “up” plunger will 
pass through disks D-3 to D-20 (L-3U holes therein), 
while the “down” plunger will pass through disks D-1 
and D-2 only (L-3D holes therein) — so on and so 
fourth. x 

Now, a “paired” array of locator holes as above de- 
scribed (such as in FIG. 3A) need not, in all cases, imply 
the symmetry of hole location described and illustrated 
(ie., symmetrical flanking of given select axis). But such 
symmetry is preferred. For instance, it affords an ex- 
traordinary, unexpected advantage in event of “double 
side” recording whereby the disk stack may be 
“flipped” (turned upside-down) and still be partitioned 
with a plunger pair, without any change in the relative 
positioning or the operating mode of the plunger ar- 
rangement. Workers in the art will perceive this to be a 
very significant advantage and convenience. 

Workers will perceive other advantage accruing 
from the foregoing novel hole-encoded flexible disk 
design according to the invention. One such advantage 
is that it is compatible with the bulk of present day 
recording disk media, as well as with known equipment 
for handling such disks — thus being adapted, for use, 
interchangeably, with conventional floppy disks where 
desired. For instance, the existence and pattern of the 
peripheral locator hole pattern need not interfere with, 
or change in any way, the operation or construction of 
a conventional (single-disk) drive and Read/Wite as- 
sembly. Also, as indicated, the disk is adapted for 
mounting on standard (single) flexible disk turntables 
for transducing rotation and for relatively conventional 
transducer access and engagement the units being modi- 
fied to accommodate pack dimensions. Further, such an 
improved flexible disk pack, may be combined with 
conventional (single-disk) protective jackets, as indi- 
cated below and in FIG. 2. Moreover, workers will 
recognize that a “hole-encoding” scheme such as em- 
ployed herein for flexible disks may, in certain in- 
stances, be adapted for rigid, or semi-rigid disks as well. 


Novel disk pack: 


According to a principal feature of the invention, 
improved flexible disks like those described above are 
apt for coordination collation and stacking together in 
combination and properly registered in a novel “flexible 
disk pack”, as indicated, for instance, in FIGS. 4 
through 6. It will be evident, of course, that the pattern 
of locator holes (whether single or double pattern) will 
be coordinated in the usual case with a particular stack 
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in mind, the stack being comprised of certain number of 
such disks, with each disk in the stack having its own 
unique variation in the (common) pattern of locator 
holes e.g. each with a unique number or relative loca- 
tion of holes. Thus, as more fully described below, one 
may manufacture these disks in sets for efficiency and 
convenience sake. For instance, to render a pack such as 
shown in FIG. 4, one may punch-out a set of “first” 
(i.e., D-1) disks, then a set of “second” (D-2) disks and 
so fourth; the disk packs being each assembled thereaf- 
ter by collating one each from the D-1, D-2, D-3, etc., 
sets, up to a prescribed total number (D-n) in the pack. 
As a feature of convenience the disk total may be left 
somewhat “open-ended” and variable, so that disks may 
be added at any time after a pack is first assembled. 

Manufacturers will find it particularly convenient to 
manufacture flexible disks according to the invention by 
relatively convenient inexpensive means, such as in a 
cutting-out or stamping operation as detailed below. 
For instance, for embodiments as in FIG. 4, a die press 
arrangement of the type known for working with such 
polymer sheets may be made up to cut the “D-1” disk 
pattern; then it may be modified very slightly to cut the 
“D-2” disk pattern, then modified again for the “D-3” 
disk pattern, etc. (see Ex. 1 below). Alternatively, in the 
case of the “double set” of locator holes described 
above, a similar, but modified, convenient mode of disk 
fabrication may be followed. Or, when a single hole 
pattern is used, only one such die press, and related 
stamping operation, is needed. 

Preferably, and according to another feature, when 
such a disk pack is assembled, the disks are bonded to 
one another at bond sites dispensed along a common 
registering circumference, adjacent the disk center, and 
spaced radially therefrom to lie in the inner “non- 
recording” band. Thus, a circular array of “epoxy pil- 
lars” B-L is indicated as the bonding sites in FIGS. 3 
and 5, to constitute such a pack bonding means, 
whereby each pillar B (FIG. 5) is comprised of epoxy. 
This epoxy is introduced in a viscous liquid form to fill 
a number of particular registering sets of bores, one 
bore through each disk constituting a set. Once the 
stack has been assembled, with the disks positioned so 
that their corresponding apertures and bores lie in regis- 
try, such bond-fillings may be applied together. The 
viscous epoxy fill, in the usual case, spreads down the 
bore tunnel and somewhat beyond the periphery of 
each bore, to lodge between superposed disks and then 
harden to form a clamping “pillar”. This “adhesive 
pillar” will hold the disks together as assembled in the 
stack and keep them from lifting away from one another 
and from being rotated into mis-registration with one 
another. 

Workers will contemplate alternate bonding tech- 
niques. For instance, one might interpose an annular 
spacer between disks in a pack and provide it with 
adhesive surfaces adapted to adhere to the upper and 
lower disk thereby bonding them together. In another 
technique, where contemplated disk format and han- 
dling allow, one might insert pins through each set of 
bonding bores and cap their ends, thus preventing mis- 
alignment in the radial and circumferential sense (also, 
perhaps, allowing prescribed axial freedom to better 
accommodate pack partitioning). 

Workers in the art will recognize that such a perma- 
nently bonded flexible disk pack is new in the art and is 
uniquely well adapted for many desirable functions, 
such as the hole-encoded disk selection operations (de- 


4,086,640 


13 

scribed elsewhere), as well as for containment and oper- 
ation of the pack — as a whole — within a protective 
jacket (as described below). Thus, workers may now 
contemplate the use of a multidisk flexible pack as a 
multi-surface unit record which is almost as light- 
weight, as compact and as easy to manipulate, store, 
transport, etc. as a single disk, while having many times 
its storage capacity. 

By way of illustration, it has been found that a pack of 
20 flexible disks according to the invention (e.g., as in 
FIG. 3 and Table I), each with a nominal 3 mil thick- 
ness, can be used in a “floppy disk pack” presenting a 
composite thickness of little more than 60 mils and, 
rather surprisingly, may be readily packaged and oper- 
ated in a protective jacket similar to the prior art jacket 
indicated in FIG. 2. Further, such a pack may be manip- 
ulated and operated inside this jacket with disk drive 
equipment that requires relatively little modification 
over the conventional single-disk drives known in the 
art. 


—Liners: 


FIG. 5A indicates a similar pack of flexible disks, D-1 
through D-n, understood as bonded together in fixed, 
registering superposition to form a single unitary multi- 
disk pack ST. This pack is, however, somewhat modi- 
fied, according to a further improvement feature, to 
include protective flexible spacers, or “liners” (SL) 
interleaved between adjacent disks in the pack. More 
particularly, FIG. 5A shows the upper two flexible 
disks, D-1 and D-2, exploded away from stack ST for 
illustrative purposes, and indicates the protective liner 
means in the form of flexible plastic disks, SL-1 and 
SL-2, interposed between D-1/D-2 and between D- 
2/D-3, respectively. 

Preferably (and mostly for convenience), liners SL 
are comprised of the same (or a closely similar) flexible 
plastic material as the disk substrates, but of course, will 
preferably carry no magnetic coating. It has been found 
that confronting oxide-coated sheets in certain embodi- 
ments may be rubbed or scraped against one another 
such as to “scour” or gall magnetic oxide from one to 
the other. For instance, this may occur with a novel 
flexible disk pack during partitioning, etc., and can be 
damaging. 

According to this feature, liners S may be provided to 
protect every oxide surface, preferably being bonded 
together along with the disks into a unitary pack. Liners 
SL include an index hole I-h in registry with that of the 
disks D, as well as a locator hole pattern identical with 
that of the adjacent disk and in registry therewith. As to 
the “up-holes” (e.g., L-1U illustrated in SL-1 — ie., 
adapted for the “up” select/partitioning arrangement 
represented by the disk embodiment in FIG. 3), it will 
be understood that a liner’s locator hole pattern will be 
identical to that of its adjacent superposed disk (here 
disk D-2 for liner SL-2, D-1 for SL-1). For embodi- 
ments also including “down-holes” (as in the embodi- 
ment of FIG.3B) the down-hole pattern of a liner will 
follow that of its infraposed disk (so a liner will never 
intervene between a transducer and exposed disk). 
Thus, the spacers, or liners SL, may for instance, com- 
prise a clear polyester, such as polyethylene terephthal- 
ate (e.g., a white “Melanex”, trade name of ICI) about 
1-2 mils thick, or a similar thin flexible material with a 
low friction, “non-galling”, anti-wear surface (or sur- 
face coating). Liners will be especially useful where 
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14 
contemplated pack life/usage is to be extended and the 
associated pack enlargement can be tolerated. 

Alternate liner materials may of course be used as 
contemplated by workers in the art, the thickness and 
other characteristics thereof being modified to suit the 
requirements of a particular application. While not nec- 
essary in every application the use of such liners is pre- 
ferred in cases where one or both magnetic recording 
surfaces of a flexible disk, so bonded into a flexible disk 
pack, exhibit wear and abrasion problems. 

Of course, alternative to using liners SL, the stacked 
disks D may have one side thereof coated with a protec- 
tive film, shielding it from such adverse contact with a 
facing magnetic recording surface (e.g., a coating of one 
of several mils of clear plastic such as “Black Watch” 
by 3M Co.) or the plastic substrate may be left uncoated 
by any magnetic oxide or by any similar coating. Of 
course, as workers in the art know, flexible disk manu- 
facturers to coat both disk sides with a magnetic oxide 
for their own manufacturing convenience, and to pre- 
vent curl. 


Example 1: Manufacture of Hole-Encoded Flexible 
Disks: 


Workers in this art will visualize various practical 
ways in which hole-encoded flexible disk records of the 
type described may be manufactured. One such method 
is schematically indicated in FIGS. 13 and 14 and in- 
volves a die press, or punch, arrangement particularly 
apt for punching-out all the several apertures of disk 
embodiments like those described in FIG. 4, etc. above. 
By way of example and according to an associated 
feature, it will be seen that such a disk manufacturing 
arrangement is intended to punch-out a “family” of 
related flexible disks (like disk embodiment D-1, D-2, 
D-3, etc., in FIG. 4) adapted for coordinate assembly 
and operation in a bonded pack like that described, 
using relatively conventional means and methods. 

According to a further feature, this stamping arrange- 
ment may also be readily modified, by means well 
known in the art, to inexpensively and conveniently 
manufacture all the different successive-numbered disks 
in a pack — each with its unique modification of the 
select-hole pattern, using, essentially, a single press with 
simple die modifications. For instance, one may, ac- 
cording to this feature, manufacture 1,000 identical 
hole-encoded packs, each comprised of eleven different 
flexible disks (D-1 through D-11) by first using the 
arrangement to press out 1,000 identical “first” disks 
(D-1); then, with a slight modification (described below 
and using the same process) manufacture 1,000 D-2 
disks, then with a further slight modification manufac- 
ture 1,000 D-3 disks, etc. — through D-11. Thereafter, 
1,000 packs may be collated and bonded from these. 

Accordingly, it will be readily understood that if one 
starts with a circular disk design having the standard 
outline configuration (i.e., of disk 1 in FIG. 3), this 
stamping operation will basically function to punch 
holes of the proper dimension and location for the spin- 
dle, for the index hole, for the bonding apertures, and 
for the selected pattern of locator holes — these last 
being variable according to the disk number, or hierar- 
chy, in the contemplated pack of FIG. 4. Also, the disk 
periphery might then be cut also. 

Thus, for example, a flexible sheet of polyethylene 
terephthalate about 3 mils in (nominal) thickness, and 
having the mentioned circular configuration (e.g., diam- 
eter of about 14 inches) may be disposed within a con- 
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cave, cuplike bottom die member D-B, held in a press 
fixture to be impressed by a mating press member D-A, 
adapted to impress the sheet onto D-B and cut out all 
apertures in one pressing stroke. Thus, press plate D-A 
is adapted to be superposed atop a plastic disk so located 
in D-B and be pressed downwardly by suitable pressing 
means (known in the art and not shown, but indicated 
schematically in FIG. 13 at press P), to thereby form the 
indicated pattern of apertures, punching-out the appro- 
priate segments of this plastic sheet (note the shards SH 
indicating this in FIG. 13). Except as otherwise de- 
scribed hereinafter, this operation will be understood as 
being conducted as known by workers in the art from 
work with similar conventional methods. 

More particularly, the cuplike die D-B, understood as 
the “female die”, is provided with apertures of the ap- 
propriate size and location; namely apertures for: the 
spindle hole 143’, and for the (entire, 11-hole) pattern of 
locator holes 141’, these apertures in die D-B being 
adapted to receive and mate with corresponding regis- 
tered protuberances on the related “male” press die 
D-A, selectively (when such are present), so as to cut 
out portions of the plastic disk and thus form the men- 
tioned disk apertures. 

Thus, die-press D-A is correspondingly formed with 
projecting plugs, or pressing protuberance members, 
understood as, each, adapted to interfit “cuttingly” with 
an associated congruent one of the mentioned apertures 
in die D-B, being of the same relative cross-sectional 
size and occupying the same position. Disk D-B thus 
comprises a spindle plug 143, and index plug 144, an 
array of bonding points or plugs 142, and a variable 
array of “selectively removable” locator plugs P. 

Locator plugs P are, as schematically indicated in 
FIG. 14, to be understood as, preferably and according 
to an improvement feature, selectively insertable into a 
receiving bore and held there for a given pressing oper- 
ation — being apt for removal thereafter, at will, to 
form any desired variation in the locator hole pattern. 
Thus, for instance, die-press D-A will be understood in 
FIG. 14 as illustratively indicating the insertion of three 
locator plugs 145 (i.e., plugs P-1, P-2, P-3) into receiv- 
ing bores positioned and dimensioned to make the cuts 
forming locator holes L-1, L-2 and L-3 respectively in 
disk 1 in FIG. 3 (along with the other associated holes 
for indexing spindle and bonding, as before indicated). 
These plugs may be held in these bores by suitable 
means (not shown) or may constitute any other like 
arrangement (known in the art but not illustrated). 

Workers in the art can readily visualize that, in any 
given pressing run, one, or several; circular plastic disks 
may be so impressed to be formed with the pattern of 
apertures represented by die-press D-A and that this 
die-press may thereafter be modified by addition, or 
removal, of locator plugs 145 to press-out another disk 
which is identical except for a modified locator hole 
pattern. For instance, after pressing of a suitable number 
of D-3 disks with the arrangement of locator plugs 145 
indicated in FIG. 14, another locator plug P-4 (not 
shown) may be added to stamp out “D-4” disks, etc. Of 
course, the “lower order” disks D-1 and D-2 may be 
formed by removing P-3 and then also P-2 respectively. 
Thus, it should be apparent to workers skilled in the art 
that according to this feature, with this or any similar 
stamping operation, stacks of hole-encoded disks of the 
type described may be very inexpensively and conve- 
niently produced. 
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—Associated jacket embodiment: 


Novel disk pack embodiments like those above de- 
scribed will be understood by workers to be particularly 
apt for advantageous use in the form of a cartridge, i.e., 
the resulting structure obtained when the disk pack is 
employed in conjunction with a protective jacket struc- 
ture in which the disk pack remains during partitioning 
and transducing operations. Such a jacket 21 is indi- 
cated, for instance, in FIGS. 7 and 8, being designed 
somewhat along the lines of a prior art, single-disk 
jacket 3’ (FIG. 2), but modified for the purposes of the 
present invention as illustrated in FIGS. 7 and 8. Jacket 
21 is shown in plan “bottom” view in FIG. 7; and is — 
shown, in “top” perspective view, in FIG. 8 as cooper- 
ated with jacket-opening means, schematically shown 
in conjunction therewith and functioning as described 
below. Such a modified jacket will be perceived as 
especially suited for housing a rotatable pack of flexible 
disks, like pack S in FIG. 5, being apt for accommodat- 
ing the rotation thereof, in situ, as well as for the locator 
hole partitioning mode and associated transducer access 
described above. 

Thus, referring to FIGS, 7 and 8, jacket 21 comprises 
a pair of opposed, relatively flexible panels, namely top 
panel 21-T and bottom panel 21-B, joined together, 
along a closed end as well as along about one-half of the 
two adjacent sides by means of flaps f-1, f-2 and f-3 
shown extending in partly assembled fashion from top 
21-T in FIG. 8, and shown folded-over and joined to the 
edges of top panel 21-T in FIG. 7. Panels 21-T, 21-B 
may be comprised of PVC (polyvinyl chloride of about 
10 mils nominal thickness), or like material, known to 
workers in the art. 

It will thus be understood that these top and bottom 
jacket panels 21-T and 21-B are preferably joined by 
folding over flaps f-1, f-2 and f-3 so as to permit their 
being spaced apart sufficiently to form an entry slot 
21-0 for admitting and operating a flexible disk pack of 
prescribed diameter and thickness, such as shown in 
FIG. 5. Jacket 21 will have conventional apertures 
corresponding to the spindle hub and index hole (21-H, 
21-I, respectively, but slightly enlarged therefrom), as 
well as having two pairs of “spreading-rod apertures” 
(up-spreader-apertures 22 through base panel 21-B, and 
“down-spreader apertures” 23 through top panel 21-T), 
to accommodate the upper and lower jacket spreading 
means, according to the invention (see in phantom FIG. 
8). Illustrative pack S is shown outlined in phantom in 
FIG. 7. Spreading is preferably done automatically 
when the so-formed cartridge (jacket 21 containing disk 
pack S) is inserted into a disk drive, (FIGS. 9 and 10) 
this being indicated schematically by the up-thrusting 
plungers 31 and the down-thrusting plungers 33 in FIG. 
8, according to another feature. Down-plungers 33 are 
preferably also arranged to pin the jacket to a fixed 
portion of the chassis to hold it fixed with respect 
thereto when the pack is rotated therein. Preferably the 
“spreading action” of these plungers is automatically 
invoked by closing of the entry door of the drive appa- 
ratus after admission of the pack-containing jacket 
(FIG. 9). It will thus be apparent that the two opposed’ 
(upper and lower) “spreader means” 31 and 33 act in 
concert to separate the outer edges of the “entry slot” 
21-O when the disk pack is to be “accessed” by a trans- 
ducer assembly (FIG. 6). 

Retainer means such as tabs 24 are also preferably 
provided within jacket 21 to retain the disk pack, re- 
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movably, in prescribed position therewithin. These 
retainer tabs 24 preferably comprise a suitable number 
of upper and lower inwardly-projecting members pro- 
jecting normally inward from the top and/or bottom 
panels adjacent entry-slot S-O and “following” the 
periphery of the pack as positioned within jacket 21. 
This is indicated schematically in FIGS. 7 and 8. 

An “entry flap” 21-F is formed of the “outer-half” of 
top panel 21-T, as schematically indicated in FIG. 8. 
Flap 21-F. is adapted to be pivoted away from lower 
panel 21-B, along a prescribed flexing axis F-A,yso as to 
provide an entry slot 21-O sufficient to accommodate 
the partitioning of the pack within the jacket as well as 
the related entry of the transducer assembly, as illus- 
trated in FIG. 6. Preferably, this pivoting flap 21-F is 
held closed, to retain and protect the contained disk 
pack by suitable “spring return” means, either in the 
form of panel material which is suitably stiff and/or 
with a stiffening “return-wire” 21-W embedded along 
the periphery of the flap as indicated schematically in 
FIGS. 7 and 8. In extreme cases, return springs may be 
provided across slot 21-0. 

Jacket 21 also has a slot 21-SL in base panel 21-B to 
accommodate engagement of the enclosed flexible disk 
pack (specifically the “bottom” disk thereof) with a 
transducer “contact pad” (CP) (see FIG. 6) when a 
Read/Write head is impressed upon (one or several 
disks in) the pack, opposingly, as known in the art. 
Similarly, bottom panel 21-B is also provided with an 
elliptical locator aperture 21-LL adapted for admitting 
a select-partitioning plunger of the type described 
above and illustrated in FIG. 5 and elsewhere. 

Jacket 21 and the flexible disk pack contained therein 
thus comprise a novel flexible disk cartridge, with the 
pack so positioned and held therewithin as to be free to 
rotate, as well as to be selectively partitioned and ac- 
cessed therein as previously described. Jacket 21 is 
preferably lined with a. non-shedding, non-abrasive 
cleansing tissue on its inner faces as known in the art, to 
wipe clean and protect the outer surfaces of the disk 
pack contacted thereby. 


—Modified drive for flexible disk pack: 


FIGS. 9 and 10 show a relatively conventional type 
of flexible disk drive 100 which has been modified to 
accommodate operation with novel cartridges (jacketed 
flexible disk packs) according to the invention. That is, 
drive unit 100 will be understood by workers in the art 
to comprise a compact, portable, disk drive device that 
interfaces with a central processor portion of a data 
processing system by way of a suitable control unit (not 
shown), as known in the art. 

Thus, such a modified disk drive as shown in FIGS. 
9 and 11, while otherwise constructed and operating as 
known in the art, will be understood to include modifi- 
cations required in order to make advantageous use of 
the novel disk pack and jacket of the present invention, 
such as, for example: jacket-opening spreading means 
(FIGS. 7, 8 and 12); pack rotation (vs. disk rotation) 
means (FIG. 6); pack partitioning means (FIGS. 3, 6 
and 11) and an associated transducer assembly (FIG. 6). 
The pack-rotating spindle will be understood as being 
controlled to rotate the pack to any one of several angu- 
lar orientations (one associated with the accessing of 
each disk in the pack) for partitioning, and is preferably 
operated with a motor adapted to be stepped by pre- 
scribed precise constant increments, representing digital 
control signals. This facilitates precise digital control to 
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18 
step the pack by precise angular increments to any se- 
lected portion orientation. 

The jacket or cartridge J (identified by numeral 21 in 
FIGS. 7 and 8) is adapted for insertion into unit 100, as 
indicated in FIG. 9, through a pivotable “access door” 
110 to be thrust in prescribed alignment along a pre- 
scribed reference plane defined by left and right side 
guideways 105-R, 105-L, and forward working plat- 
form segments 125, 125’, 125” to be positioned against 
stops 100-S, 100-S’ (FIG. 10). With jacket J thus dis- 
posed in “working position”, an extended contact pad 
117 will be registered with jacket slot J-S and the disk 
pack S within the jacket will be positioned so that its 
inner contact zone may be engaged for rotation be- 
tween a lower rotatable spindle 109-A and an upper 
expansible-cone, or hub 109 (FIG. 10) adapted to be 
driven in idler fashion by spindle 109-A when clamped 
down on the pack, fitting into the hollow center of 
spindle 109-A, as well known in the art. Hub 109 (FIG. 
10) is freely rotatable and is suspended on a clamp arm 
107 of a pivotable subassembly 136 so as to be pivotable 
into engaging rotary-driven relation with the so- 
injected pack holding it on spindle 109-A. This engage- 
ment is preferably automatically invoked upon the clos- 
ing of door 110 as known in the art, with a drive motor 
121 being started and coupled (e.g., through a belt 
drive, etc.) to rotate spindle 109-A at “transducing 
speed” (for example 360 rpm i.e. a “Low-Speed ” 
drive). 

The major components of drive unit 100 thus com- 
prise a transducer accessing arrangement 115, (e.g., 
including transducer carriage 117 and translation motor 
111 of FIG. 6), a pack-partitioning subassembly 140 
including plunger P projectable through a bore in sur- 
face 125 (see FIG. 11), a jacket-spreading subassembly 
150 including two pairs of up-plungers 31-A /31-B and 
33-A/33-B (FIGS. 9 and 10) projectable through bores 
in surfaces 125’, 125”, (see also FIG. 12), and the men- 
tioned rotary drive subassembly 120 (comprising spin- 
dle motor 121, spindie 109-A and hub 109 mounted on 
pivot-arm 107), the entire assemblage being mounted 
upon a chassis 103. These mechanisms will be under- 
stood as constructed and operated in a known fashion 
except as otherwise described. 

Thus, transducer subassembly 115 comprises a 
Read/Write head unit, or mount 117, normally disposed 
just beyond the pack and adapted to be projected in- 
ward as discussed re FIG. 6, atop a hollow threaded 
tube 118 threadingly engaged on a lead screw 112 
adapted to be rotated endlessly in precise incremental 
fashion by an associated stepping motor 111. Once a 
pack is partitioned, this subassembly will be understood 
as operative to translate R/W transducer 15 onto the 
selected disk surface and track with shroud 13 serving 
to support the upper pack, guiding it over head 15 while 
the pack is rotated. 

Access door 110 is preferably mechanically linked to 
the disk loading mechanism, including pivoting arm 107 
and to a head/load interlock switch, so that when the 
door is closed, the pack-rotating spindle-hub is automat- 
ically engaged with the pack and the drive subassembly 
pre-disposed for rotation thereof. 

The basic functions of drive unit 100 will be recog- 
nized as to receive and generate control signals, to 
spread the jacket and partition the pack (disk selection), 
to position the Read/Write head on selected tracks of 
the selected flexible disk and to perform transducing 
operations (e.g., write or read data) upon command 
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from the data processing controller. As workers in the 
art well know, positioning of the Read/Write head 15 
(FIG. 6) is accomplished conventionally with the lead 
screw drive from linear stepping motor 111, with head 
15 (mounted on the carriage coupled to be translated by 
this lead screw) stepped-in or -out, upon command, in 
incremental fashion by actuation of the stepper motor, 
rotating the lead screw a corresponding amount. 

Partitioning is effected, preferably, by a prescribed 
partition subassembly 140 including a select plunger 
(see plunger P in FIGS. 6 and 11) disposed to be thrust 
upward through an accommodating aperture 123 in 
working surface 125, upon actuation by an associated 
solenoid SOL. That is, as will be understood from FIG. 
11, a “partition-signal” applied to energize the solenoid 
coil will act to pull a “clapper arm” A-1 down (against 
return spring 25) and throw an associated plunger-link- 
age (arms A-2, A-3 pivotably mounted at pivot pv on. 
the chassis) downward and thereby thrust plunger P 
upward as indicated in phantom in FIG. 11. This parti- 
tion assembly will be recognized as particularly com- 
patible with the subject “floppy pack” and with unit 100 
to perform the select partitioning function of the jacket- 
encapsulated pack in the above indicated manner. 

According to a related feature, spindle drive motor 
121 is adapted to rotate the pack, disposed within the 
jacket J and engaged between hub 109 and drive spindle 
109-A, for transducing, as known in the art, as well as to 
shift according to a related improvement feature, into a 
second rotary-step mode for partition-positioning. That 
is, responsive to a prescribed indexing (digital) control 
signal, motor 121 will digitally step the spindle and pack 
rotationally by a prescribed precise number of integral 
angular increments until the selected “partition orienta- 
tion” (i.e. rotation) is achieved. Thus, in effect, the pack 
is made to step from “zero” (or “Start Radius” see index 
hole 1-Ih and axis Ay-1, FIG. 3) a prescribed number of 
“angular steps” to thereby “count” its way, digitally, to 
a prescribed locator hole position. Here, a plunger P 
may thrust the pack to partition it and expose the corre- 
sponding selected disk recording surface, as described 
above. For instance, in this embodiment it is convenient 
to step-rotate the pack 1.8° per digital “stepping pulse” 
using a dual mode motor, so that, with the locator holes 
(embodiment of FIG. 3) separated at 18° intervals, each 
rotary increment of 10 steps will carry the pack 18°, i.e., 
from one locator hole to the next. 

Thereupon the transducer carriage means (see —step 
tranlation motor 111) may be activated to initiate head 
entry into the so-partitioned pack (from an outer refer- 
ence position) while the partitioning plunger P is con- 
junctively withdrawn. Carriage-entry will thrust the 
transducer down upon the selected disk surface and will 
allow the distal end of the transducer mount, and partic- 
ularly shroud 13 mounted thereon, to contact and as- 
sume support of the upwardly-thrust portion of the 
pack. Shroud 13 will maintain this contact, guidingly, 
while the pack is rotated and the Read/Write opera- 
tions are performed. 

That is, stepping motor 111 will translate the trans- 
ducer head into the split pack and place it in compliant 
“gliding” contact with the selected recording surface of 
the disk for transducer operation (e.g., see U.S. Pat. No. 
3,810,243 for typical operations). Upon completion of 
the transducing operations, at one or several tracks, the 
head may be withdrawn and a different recording sur- 
face (disk) accessed in another partitioning cycle. The 
indicated novel partitioning and head mount arrange- 
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ments will be seen as establishing stable, protected 
transducer positioning at any selected disk surface of 
such a flexible pack. : 

According to this feature, the transducer is kept disk- 
engaged while moving from track to track on the se- 
lected recording surface, until it is entirely disengaged 
and withdrawn to the outer “rest position” (FIG. 6). 
During partitioning and transducer entry, the rotary 
drive will, of course, hold the pack in fixed position, 
being thereafter rotated (at 360 rpm) for transducer 
operation with the “upper” deflected disks (above the 
selected one) being bent smoothly up over the men- 
tioned shroud 13, as they pass over the transducer car- 
triage 117. 

Shroud 13 is configured, positioned and adapted, 
according to a related feature, to smoothly, friction- 
lessly guide and urge these “upper disks” (above the 
split) thus upward, while they are so rotated to permit 
the unimpeded, non-damaging entry and withdrawal of 
the transducer mount into, and out of, the split-pack 
(e.g., for Read/Write operations at different disk 
tracks). , 

Workers in the art will appreciate that with such a 
select/partitioning means, operable in conjunction with 
such a hole-encoded flexible disk pack, the pack may be 
split to expose any selected disk, conveniently, yet pre- 
cisely — e.g., simply rotating the pack to a prescribed 
angular position corresponding with registry of the 
plunger with the associated partitioning pattern of loca- 
tor-holes, then thrusting the plunger up these locator- 
holes sufficient to admit entry of the transducer-shroud. 
Thereupon the plungers are retracted and rotation of 
the pack may be resumed. 

Thus, for instance, when the “nth” disk in a pack is 
selected, the pack will be rotated to “START” position 
(index hole reference), then stepped by (n X 18°) the 
angular increments corresponding with a rotation of the 
pack so that the associated locator-sites register with 
the plunger-locus. Up-thrust of the plunger will then lift 
all disks “above n” away from the upper surface of “n” 
disk, exposing the latter for tranducer entry as de- 
scribed. For instance, as workers know, such a stepping 
motor/lead screw arrangement can position the trans- 
ducer head on any one of about 77 discrete track posi- 
tions of a disk surface. Unexpectedly the “paper thin” 
disks can interfit slidingly while rotating, yet appear to 
experience minimal frictional wear and damage at the 
contacting surfaces, especially when protected by the 
mentioned flexible inter-liner means. 


—Jacket spreading: 


Drive unit 100 is provided with a jacket-opening and 
spreading arrangement 130 (FIGS. 9, 10 and 12) which 
essentially comprises a pair of upward-thrusting plung- 
ers 31-A and 31-B and a related opposed pair of down- 
ward-thrusting plungers 33-A and 33-B (see also FIG. 
8) coupled to pivotable subassembly 136 so as to pro- 
vide for functioning in the aforeindicated manner to 
automatically spread the entry slot edges of jacket J 
(.e., raise flap 21-T as indicated in phantom 21-T’ and 
31’ in FIG. 12) to accommodate the partitioning of the 
pack inside and the entry of the transducer carriage 117 
(FIGS. 9 and 10). As mentioned previously in connec- 
tion with FIG. 8, the downward-thrusting plungers 33 
serve to pin the lower panel 21-B against forward guide . 
platforms 125” and 125’ to thereby hold the jacket fixed 
when the disk pack is rotated within the jacket. 
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—Conclusion: 


In summary, workers in the art will recognize that 
the foregoing described embodiments are well adapted 
to provide novel, unobvious improvements in multi- 
disk media, as well as associated manufacturing meth- 
ods — especially for flexible disks — plus protective 
jacket means and disk handling means including jacket 
spreaders and pack-partitioning arrangements accord- 
ing to the invention. Workers will also recognize that, 
while a particular disk handling embodiment has been 
described, for clarity, the subject novel flexible car- 
tridges (i.e., novel disk packs and associated jacket) are 
entirely feasible for use with other disk handling ar- 
rangements, especially where these include the same or 
similar jacket spreading and pack-partitioning means. 
For instance, workers will recognize that, instead of the 
described partitioning means operating about the cir- 
cumferential periphery of the disk pack, a like arrange- 
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ment may be provided to operate closer to the center of 20 


the pack such as upon like encoded holes arranged 
about an inner disk track. 

That is, a series of hole-encoded collars may be sub- 
stituted (no hole-encoding of disks), each supporting a 
respective disk in a pack and removably coupled (e.g., 
by key-way means) to a common hub, or spindle, with 
a similar plunger means being arranged to be thrust up 
through this stack of collars and deflect (upward) those 
“above” a given selected disk. Such an arrangement 
may be more apt for rigid disks. 

Moreover, whereas the illustrative partitioning and- 
/or jacket opening means are mechanical, it will be 
apparent that alternate means such as pneumatic or 
hydraulic partitioning means will in certain cases also 
serve. For instance, one could substitute a gas injection 
tube for the mechanical plunger of the indicated parti- 
tioning arrangement and propel a burst of pressurized 
gas up through a selected registered group of locator- 
holes, as understood and appreciated by workers, under 
proper circumstances to (at least partially) partition the 
pack sufficient to allow transducer entry — in certain 
cases this will even reduce associated abrasion and de- 
facement of disk surfaces as well as accelerate partition- 
ing. One can introduce pressurized gas from inside a 
spindle hub adjacent the partitioning plane so that in 
case the disks are not rigid enough at their periphery 
once their hubs are raised to the reference plane, appli- 
cation of a stream of pressurized gas can then proceed 
radially out to maintain them raised. Then, once the 
head enters and the turntable begins to spin, much less 
gas pressure would probably be required to maintain 
them in position above the partitioning plane as desired, 
and certainly in conjunction with a supporting shroud. 
Further, in certain cases partitioning may be effected 
without completely arresting the rotating disk pack 
(e.g., while quickly incrementing the pack in digital 
stepped fashion between R/W rotation sequences). Sim- 
ilarly, jacket spreading may be otherwise implemented 
within the broad confines of the described concepts, for 
instance, by lateral introduction of a pair of relatively 
horizontal vertically-expandable spreaders disposed 
relatively along the plane of an injected disk pack to be 
automatically engaged, then expanded, as the jacket is 
thrust into the disk drive assembly. 


25 


30 


35 


40 


45 


50 


60 


65 


22 

With the preferred embodiments of the invention 
thus described in detail, those skilled in the art will be 
able to contemplate certain modifications in structure 
and/or method over that illustrated and described, and- 
/or contemplate the substitution of equivalent elements 
for some or all of those disclosed, while nonetheless 
practicing the novel concepts described and claimed 
herein; accordingly, it is intended that all such modifica- 
tions and substitutions be embraced insofar as they fall 
within the spirit and scope of the appended claims. 

What is claimed is: 

1. A portable partitionable pack of flexible disks com- 
prising: 

a plurality of like flexible recording disks, the disks 
being formed and arranged in a concentric stack so 
that the stack is “partitionable end-wise” rather 
than from the side; 

each said disk of said stack having a central bore for 
engaging disk pack rotation means and an encoded 
arrangement of “partition apertures” provided 
about at least part of a common arcuate segment 
relatively concentric with the disk center; 

the disks being attached together adjacent this central 
bore and being formed and stacked so that these 
segments register and so that predetermined, super- 
posed apertures of different disks lie in registry to 
thereby generate at least one set of “blind deflec- 
tion bores” extending through the stack from one 
end thereof, each such bore in a set terminating at 
a respective different disk in the stack, so as to 
accommodate the selective partitioning deflection 
of said respective disk in cooperation with “end- 
wise partition means” adapted to be selectively 
thrust along any such bore which has been regis- 
tered with it. 

2. The invention in accordance with claim 1, wherein 
means are provided for bonding said disks together at 
areas sufficiently close to the center of the stack to 
permit it to be flexed-open between a selected pair of 
adjacent disks in response to a thrusting force applied 
through a corresponding one of said bores. 

3. The invention in accordance with claim 1, wherein 
said apertures are disposed equidistant along said seg- 
ment at index sites adjacent a common outer circumfer- 
ence about the disks, with each of said bores thus lo- 
cated at a unique angular position about the stack, 
thereby enabling selective partitioning of disks by thrust 
means thrust up through the stack at appropriate times; 
with selection being effected simply according to which 
bore is registered with this thrust means. 

4. The invention in accordance with claim 3, wherein 
said apertures comprise holes spaced along said com- 
mon circumference. ; 

5. The invention in accordance with claim 4, wherein 
a unique, different pattern of apertures is formed on 
each disk so that stacking the disks with the common 
index sites in congruence will render said set of bores. 

6. The invention in accordance with claim 3, wherein 
said apertures comprise notches, cut-out along the pe- 
riphery of the disks, each disk being so arranged in the 
stack that a different pattern of registered notches com- 
prises each said bore, for selective register with the 


associated partitioning thrust means. 
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